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Abstract 
This paper deals with the dynamic motion analysis of snowboard turns by the measurement of motion and reaction 
force from snow surface. The motion measurement system measures 3-axis angular velocity, 3-axis acceleration and 
3-axis magnetic field. The measurement system of reaction force measures 3-axis force vector and 3-axis moment 
vector about reaction force from snow surface.  
The measurement experiment was conducted by the snowboarder attaching the measurement systems. The motion 
measurement systems were attached to body segments of the snowboarder, and the measurement system of reaction 
force was installed between the binding and the snowboard.  
In this experiment, the snowboarder conducted carving turn. The 3D posture was estimated by applying the sensor 
fusion. The joint torque (lumber vertebra, hip, knee, and ankle) was calculated from the 3D posture, the angular 
velocity, the angular acceleration, the acceleration, and the reaction force from snow surface by applying inverse 
dynamics. The dynamic motion analysis of snowboard turns using the joint torque was carried out. 
The results of the motion analysis indicated the major features of snowboard turns. The proposed method and the 
analytical results can be used to skill rating, the development of equipments and the improvement of training method 
for snowboarding. 
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1. Introduction 
Snowboarding is a sport increasing in popularity around young people. Previous studies of 
snowboarding have been conducted in various specialized fields. There are several studies on 
snowboarding such as the snowboard control [1], the characteristics analysis of snowboard [2, 3] and the 
motion measurement of snowboarder [4]. The form of snowboarder is right-left asymmetry and parallel 
with snowboard. The important factors of snowboarding turn are edging of snowboard, twist motion of 
upper body and movement of mass of center. It is important to analyze the motion of a snowboarder 
gliding on the actual snow field to resolve the mechanism of snowboard turns. However, it is difficult to 
measure physical exertion due to the severe experimental surrounding such as the outside snow 
conditions and the weather on the mountain. Thus, few studies have analyzed snowboarding turn 
quantitatively.  
In our previous studies, we have conducted the motion analysis using the 3D magnetic positioning 
sensor and the 6-axis force sensor [5] and the motion analysis using the 3D gyro sensor and the 6-axis 
force sensor [6]. However, the motion analysis using the 3D magnetic positioning sensor and the 6-axis 
force sensor has used the method of statics analysis. The motion analysis using the 3D gyro sensor and 
the 6-axis force sensor has applied the dynamics analysis excluded translational acceleration, and the 
analysis has not conducted for long time measurement due to drift error of gyro sensor. Therefore, it is 
necessary to conduct the compensation of drift error and the dynamic motion analysis included 
translational acceleration. 
In this paper, we conduct the dynamic motion analysis of snowboarding turn using the measurement 
systems of motion and reaction force from snow surface. The analytical result represents the major 
features of snowboard turns, and the effectiveness of the analysis method is indicated. 
2. Measurement system 
2.1. Motion measurement system 
The motion measurement system is shown in Fig.1 (a). This system consists of gyro sensors (Analog 
Devices, ADIS16110), an acceleration sensor (Hitachi metals, H30CD), and a magnetic field sensor 
(Hitachi metals, HM55B). It measures 3-axis angular velocity, 3-axis acceleration and 3-axis magnetic 
field. The size of this system is 456525mm, and the weight is 60g. 
2.2. MeasurementŃsystem of reaction force 
The reaction force from snow surface is measured by the measurement system of reaction force. This 
system isshown in Fig.1 (b). This systems are installed the 6-axis force sensor between the binding and 
the snowboard. It measures 3-axis force vector and 3-axis moment vector about reaction force from snow 
surface.  
 
 
 
 
 
 
 
Fig. 1. (a) Motion measurement system; (b) Measurement system of reaction force from snow surface 
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2.3. Coordinate system 
The coordinate system is shown in Fig.2. The X-axis, Y-axis and Z-axis are front direction, right 
direction and gravity direction of snowboarder, respectively. The rotational direction is counterclockwise 
rotation. 
 
 
 
 
 
 
 
 
Fig. 2. Coordinate system 
2.4. Experimental condition 
The measurement experimentwas conducted by the snowboarder attaching the measurement systems. 
The motion measurement systems were attached to body segments (upper body, lumber, femur, lower 
thigh and binding), and the measurement systems of reaction force was installed to between the binding 
and the snowboard. The setting position of the measurement systems is shown in Fig.3.Snowboarder 
conducted carving turn. In the experiment, the sampling frequency of the measurement systems is 100Hz, 
and the measurement time is 30sec. 
 
 
 
 
 
 
 
 
 
Fig. 3. Setting position of the measurement systems 
3. Theory 
3.1. Estimation method of 3D posture 
The 3D posture is estimated by the sensor fusion using the extended Kalman filter [7]. The nonlinear 
state equation and the nonlinear measurement equation in the extended Kalman filter are established by 
the information obtained from two motion measurement systems. This method compensates the errors 
caused by drift and dynamic acceleration. The block diagram of sensor fusion is shown in Fig.4, where 
Ȧ1x, Ȧ1y, Ȧ1z are gyro sensor output (angular velocity) in sensor 1, Ȧ2x, Ȧ2y, Ȧ2z are gyro sensor output in 
sensor 2, A1x, A1y, A1z are acceleration sensor output in sensor 1, A2x, A2y, A2z are acceleration sensor output 
in sensor 2, m1x, m1y, m1z are magnetic field sensor output in sensor 1, m2x, m2y, m2z are magnetic field 
757 Kiyoshi Hirose et al. /  Procedia Engineering  34 ( 2012 )  754 – 759 
sensor output in sensor 2, ȥ1m, ȥ2m are Yaw-angle obtained by compensating the inclination error of 
magnetic field, ĳ1x, ș1y, ȥ1z are 3D posture (Roll–Pitch–Yaw angle) in sensor 1 and ĳ2x, ș2y, ȥ2z are 3D 
posture (Roll–Pitch–Yaw angle)  in sensor 2, respectively. 
The rotational matrix in relative coordinate is calculated from the 3D posture (Roll-Pitch-Yaw angle) 
by equation (1) and (2). 
 
 
(1) 
 
 
(2) 
 
 
 
 
 
 
 
 
 
 
 
 
Fig. 4. Block diagram of sensor fusionfor of 3D posture estimation 
3.2. Calculation method of joint torque 
The joint torque is calculated by the information obtained from the measurement systems and the rigid 
body dynamics parameters of the snowboarder. The acceleration ai of joint i is calculated by equation (3), 
where ri is the position vector from acceleration sensor to joint i. The mass, the moment of inertial and the 
position of center of mass about body segments are estimated by the regression equation [8]. The block 
diagram for calculation of joint torque is shown in Fig.5. The angular acceleration is calculated by inexact 
differential of gyro sensor output, where n is differential coefficient and s is Laplace operator.  
 
(3) 
 
 
 
 
 
 
 
 
 
 
 
Fig. 5. Block diagram for calculation of joint torque 
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4. Results 
Results for the joint torques (lumbervertebra, hip, knee, and ankle) are shown in Fig.6-9, where the 
joint torques of lumber vertebra are the torques generating between upper body and lumber. These are 
results that were extracted the one-turn part (front side turn ĺ back side turn) from the experimental 
results. The solid lines of black are switchovers. The joint torque of lumber vertebra (left side flexion, 
flexion and left rotation) was exercised in back side turn (Fig.6). The results indicate the control forces to 
move the center of mass and to twist upper body. The joint torque of knee flexion (Fig.8 (1)) and the joint 
torque of ankle planar-flexion in front side turn (Fig.9 (2)) represent the control force inclining the body 
of snowboarder to forward. The joint torque of hip flexion (Fig.7 (2)) in back side turn was exercised to 
get down the center of mass of the snowboarder. The joint torque of hip internal rotation (Fig.7 (3)) 
indicates the twist motion with the axis of right foot in backside turn. The joint torque of knee extension in 
back side turn (Fig.8 (2)) and the joint torque of ankle dorsal-extension in back side turn (Fig.9 (2)) are 
exercised to generate the edge angle of snowboard.  
The results indicated the dynamic information that is required for snowboard turns. Therefore, the 
analysis by the proposed method clarified the major feature of the snowboarder gliding on the actual snow 
field.  
 
 
 
 
 
 
 
 
 
Fig. 6. Joint torques of lumber vertebra 
 
 
 
 
 
 
 
 
 
Fig. 7. Hip joint torques (a) Left hip; (b) Right hip 
 
 
 
 
 
 
 
 
 
Fig. 8. Knee joint torques (a) Left knee; (b) Right knee 
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Fig. 9. Ankle joint torques (a) Left ankle; (b) Right ankle 
5. Conclusion 
In this study, we proposed the motion analysis method of snowboard turns by themeasurement of 
motion and reaction force from snow surface. The joint torque is calculated by the information obtained 
from the measurement systems and the rigid body dynamics parameter of the snowboarder. The analytical 
results indicated quantitatively the joint torque of the snowboarder gliding on the actual snow field.The 
major features of snowboard turns are indicated by the proposed method, which can be used as an 
effective method for solving the mechanism of snowboarding turn, improvement of training method, and 
the prevention of disorder or injury from snowboarding. 
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